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With increasing age, older individuals face a higher likelihood of developing dementia. The rate 
of cognitive decline resulting from dementia is not equivalent for all, as some patients with 
dementia are able to function independently longer than others, despite having similar disease 
burden. The cognitive reserve (CR) theory provides one explanation for the differing rate of 
decline. CR suggests that there are factors — most notably, educational and occupational 
attainment — that can protect against the cognitive decline that is a hallmark of dementia. 
Although the beneficial effects of these notable CR factors are clear, they may not be modifiable. 
Participation in leisure activities may represent a more modifiable factor. Some research hints at 
beneficial effects of leisure activities, although specific leisure activities have not been 
examined. The present study examined the relations between handicraft art leisure activities 
(HALAs) and multiple cognitive domains. Archival WAIS-IV, WMS-IV, and demographic data 
for 50 California retirement community residents was examined. Results revealed that HALA 
participation may play a role in the maintenance of cognitive function in multiple domains. 
HALA participation accounted for statistically significant variance in working memory 
performance over and above the established CR factors of education, age, depression, and 
occupation. In addition, HALA participation was found to be related to a better ability to perform 
abstract visual information tasks and non-verbal reasoning tasks. Therefore, it is reasonable to 
suggest that HALA participation among older adults could contribute to the retention of 
cognitive function, supporting the role of HALA participation as a CR factor.  
Keywords: cognitive reserve, dementia, Alzheimer’s disease, handicrafts, handicraft 
activities 
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Handicraft Art Leisure Activities and Cognitive Reserve 
 Individuals are living longer due to a growth in the world’s population, greater insight 
into health and wellness, and medical advancements that have allowed previously-fatal illnesses 
to be treated (Crimmins, 2015; Semenova & Stadtlander, 2016). As the world’s elderly 
population continues to grow, older individuals face a higher likelihood that they will experience 
age-related challenges, including Alzheimer’s disease and other dementias (Aartsen et al., 2002, 
Fritsch et al., 2005). In addition to the population growing, the prevalence of cognitive decline 
has increased dramatically (Nichols et al., 2019). Nichols et al. (2019) reported that the number 
of individuals who experience cognitive decline globally doubled from 20.2 million in 1990 to 
43.8 million in 2016. Further, in the United States, 4,029,450 citizens reportedly suffered from 
Alzheimer’s disease or other dementias, and this cognitive decline was fatal for 238,895 of these 
individuals. The increasing prevalence of cognitive decline is not slowing down, as He et al. 
(2016) reported that in some countries, the population of adults age 80 and older will quadruple 
by 2050. This growth causes indirect burdens on society, as those who decline cognitively also 
decline in their ability to function independently, which increases the need for caregivers. In 
order to help combat this growing problem, researchers have become particularly interested in 
early detection, and have sought to understand why some individuals experience cognitive 
decline, while others do not (Steinberg et al., 2013).  
 The rate of decline in cognitive abilities is not equivalent for all individuals, as some 
patients with Alzheimer’s disease are able to function longer than others despite having similar 
disease burden. This has led researchers to believe that the neuropathological severity of 
Alzheimer’s disease does not equal the clinical severity of cognitive decline symptoms (Caselli 
et al., 2015). One explanation for this inequivalence is the theory of cognitive reserve (CR; Stern 
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et al., 1999). CR research suggests that there are factors that allow certain individuals to retain 
cognitive abilities, including memory, despite the presence of pathological processes (George, 
2013; Stern, 2006). CR is able to both prolong cognitive functioning when facing the risk of 
suffering cognitive decline and to compensate or cope in the face of negative brain changes 
(Sobral et al., 2015; Stern, 2006, 2012). This ability of CR to prolong cognitive functioning to 
ward off the clinical manifestations of dementia might speak to the reason as to why some 
individuals exhibit symptoms of cognitive decline at certain ages, while others do not (Stern, 
2012; Ho & Chan, 2005). As Vance et al. (2012) noted, CR may reflect the brain’s neuroplastic 
ability, which causes the connections in the brain to reroute, compensate, and change.  
Education and Occupational Attainment 
Research has identified several factors that appear to contribute to CR, including 
educational attainment and occupational achievement. An extensive body of literature suggests 
that higher levels of education are associated with retaining higher levels of cognitive 
functioning (Aartsen et al., 2002). Sobral and Paúl (2013) found that Alzheimer’s disease 
patients with higher levels of education scored higher on cognitive tests, suggesting a protective 
effect even when cognitive decline has progressed. Similarly, Esiri and Chance (2012) noted that 
greater years of education appear to protect against dementia. Evans et al. (1997) agreed, finding 
that the risk of developing Alzheimer’s disease decreased by 17% for each year of completed 
education. These findings are in line with Fritsch et al. (2002), who found that among individuals 
with Alzheimer’s disease, those with higher educational attainment experienced a slower rate of 
cognitive decline. Similarly, occupational attainment has also been found to have a negative 
relationship with the risk for dementia (Stern et al., 1994). More specifically, occupations that 
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were cognitively demanding and that involved working with people or data were found to be 
protective against dementia (Andel et al., 2005).   
Despite the beneficial evidence of these two factors, these are often two variables a 
middle- to late-aged adult cannot change. A manipulable factor would allow for middle- to late-
aged adults to increase their CR during a time that is often subject to cognitive decline (Harada et 
al., 2013). Previous research suggests one such factor: participation in leisure activities has been 
found to be beneficial for the cognitive functioning of adults, even when participation began in 
middle- to late-life (Esiri & Chance, 2012; Krell-Roesch, Leung et al., 2011; Park et al., 2019; 
Venmuri et al., 2017).  
Leisure Activities 
Leisure activities are defined as any activity independent of occupational, school, or 
living needs (Park et al., 2019; Verghese et al., 2006) and include activities such as walking, 
playing cards, visiting friends, gardening, reading books (Sobral & Paúl, 2013). Leisure activities 
may confer some of the same advantages that education and occupational experiences appear to 
provide in protecting against dementia through the building of CR (Fratiglioni et al., 2004; 
Scarmeas et al., 2001; Verghese et al., 2003). 
Leisure activities, particularly cognitively stimulating ones, might explain the variance of 
CR that has been attributed to education in the past (Jonaitis et al., 2013). Jonaitis et al. (2013) 
examined the contribution of concurrent participation in cognitive leisure activities, cognitively 
demanding occupations, and education to cognitive performance in 762 well-educated 
participants (59% of participants had a bachelor’s degree) who were genetically at-risk for 
Alzheimer’s disease. Education was found to be a predictor of verbal ability, verbal learning and 
memory, visuospatial ability, and working memory in a mixed-models analysis. However, 
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engagement in games (e.g., card playing, chess, crossword puzzles) significantly predicted 
cognitive performance that education did not, namely immediate memory, speed and flexibility, 
as well as of the domains education was a significant predictor for (e.g., verbal learning and 
memory, working memory visuospatial ability, and verbal ability). Other studies have echoed 
these findings with results indicating the benefits of leisure activities after controlling for 
education (Fratiglioni et al., 2004; Lindstrom et al., 2005; Verghese et al., 2003, Wilson et al., 
2002). 
Similarly, Reed et al. (2011) conducted a post-mortem autopsy study of 652 highly 
educated individuals (M = 16 years of education, SD = 3.69) that compared neuropathological 
indicators (e.g., plaques and neurofibrillary tangles) with pre-mortem performance on cognitive 
testing. The CR theory would suggest that those with higher education would have higher scores 
despite the presence of neuropathology at autopsy. Reed et al. found that the relationship 
between education and reserve was negative when modeled in a multiple linear regression with 
socioeconomic status, mid-life participation of cognitively stimulating leisure activities, and late-
life participation of cognitively stimulating leisure activities. In addition, no statistically 
significant relationship was found when education was modeled as the only predictor of reserve. 
However, moderately strong associations were found between both mid-life and late-life 
participation of cognitively stimulating leisure activities. As Reed et al. noted, these findings 
suggest that participation in cognitive activities were stronger correlates of reserve than 
education was, suggesting that they are more influential than education. Although these findings 
counter most of the literature, which has found that education is an important CR proxy, Reed et 
al.’s findings speak to the importance of participation in cognitively stimulating leisure activities, 
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and that this contribution is independent, and potentially superior to, the contribution of 
education to CR.  
In addition, leisure activities may benefit and contribute to CR by slowing the 
progression of cognitive decline, as Sobral and Paúl (2013) found that Alzheimer’s disease 
patients who participated in leisure activities through their lives scored higher on cognitive 
assessments, compared to those with lower participation in leisure activities. Late-life 
participation has also been found to be beneficial, as Leung et al. (2011) found that late-life 
participation in cognitively stimulating activities was associated with better cognitive 
functioning, even after controlling for education and age. Likewise, Trieber et al. (2010) found 
that increased late-life engagement in cognitively stimulating activities was associated with 
slower cognitive deterioration in mild dementia after controlling for education, number of years 
worked, and age.    
  In many studies, especially those using established questionnaires to inquire about an 
individual’s leisure activity participation, leisure activities of different domains (e.g., social, 
cognitive, and physical) are all grouped together into one category (Nucci et al., 2012; Park et 
al., 2019; Schwartz et al., 2013; Strizhitskaya et al., 2019; Tomioka et al., 2017; Vaughan et al., 
2014). As Fancourt and Steptoe (2018) argued, it is important to consider if the many activities 
in this grouping are equal in benefits, or if some activities are more beneficial than others. Park 
et al. (2019) agreed, finding that the relationship between leisure activities and cognitive 
functioning depended on the activity, as some leisure activities were positively associated with 
cognitive functioning, while others were not. Further, Park et al. stated that leisure activities are 
not homogenous, but instead differ from one another due to their individual attributes. 
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Some studies have divided leisure activities into cognitive, social, and physical domains, 
with many findings in support of the relationship between cognitive leisure activities and 
cognitive functioning in an older adult population (Fratiglioni & Wang, 2007; Niti et al., 2008; 
Sattler et al., 2012; Scarmeas et al., 2003). However, these subdivisions do not seem sufficient 
enough to satisfy Fancourt and Steptoe’s and Park et al.’s concerns. Stern and Munn (2010) 
argued that even within the cognitive leisure activities grouping, there is a need for further 
subdivision. Although some studies have categorized cognitive leisure activities as stimulating or 
non-stimulating, Lee and Chi (2016) declared that the definitions and activities subsumed in the 
cognitive leisure activity grouping are diverse, which perpetuates the question of which activities 
are more beneficial to cognition (Fancourt & Steptoe, 2018).  
Few studies have examined the relations between cognition and specific cognitive leisure 
activities (Lee & Chi, 2016; Park et al., 2019). Stern and Munn (2010) found that reading was an 
effective intervention in reducing the risk of developing Alzheimer’s disease. In addition, 
Pawlowski et al. (2012) found that individuals who read and write regularly after completing 
their academic career show better cognitive performance than those that do not. Other studies 
have examined the relations between board game playing (Ching-Teng, 2019), musical 
participation (Diaz Abrahan et al., 2019; Román-Caballero, 2018), and cognitive functioning, 
and found cognitive benefits related to participating in these activities. This included a reduced 
risk of developing dementia, protective factors on brain regions and domains that typically 
decline with aging, and even an improvement in memory. Given recent research that has found a 
positive relationship between creativity and cognitive performance (Colombo et al., 2018), and 
research showing that attentional abilities are often preserved in the early stages of dementia 
(Wade, 1996), the present study seeks to examine cognitive leisure activities that require 
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sustained attention and creativity, which have been named handicraft art leisure activities 
(HALAs).  
Handicraft Art Leisure Activities (HALAs) 
 HALAs refer to a shared grouping of handicraft (e.g., knitting, sewing, gardening, 
woodcraft, etc.) and artistic activities (e.g., painting, drawing, sculpting, etc.; Capuzzi & Gross, 
2013; Karatay & Akkuş, 2011; Park et al., 2019). Gardening has also been included in this 
grouping due to its “do-it-yourself” nature, which requires small-scale, creative, and mentally 
challenging operations (Strizhitskaya, 2019; Vieta et al., 2019). HALAs are often included in 
studies as one of many cognitive leisure activities (Leung et al., 2011), speaking to their 
stimulating, novel, and creative nature (Capuzzi & Gross, 2013). Studies have concluded that 
when these activities are used as part of a cognitive training program, participation in these 
activities showed an improvement in cognitive functioning for patients with moderate dementia 
(Park et al., 2009).  
Only in a handful of studies have HALAs been studied independently (Park et al., 2019). 
Evidence supporting the correlation between HALAs and cognitive functioning have emerged in 
the past few years. Park et al. (2019) found that handicraft participation was positively associated 
with cognitive functioning, even after controlling for other CR factors (e.g., educational 
attainment, occupational attainment, and age). In a well-cited study, Roberts et al. (2015) found 
that individuals who engaged in HALAs such as painting, drawing, and sculpting, woodworking, 
pottery, ceramics, quilting, quilling, and sewing in middle and old age experienced a reduced risk 
of developing mild cognitive impairment. Another study echoed these results, finding that 
cognitively healthy older adults had a decreased risk of experiencing an onset of mild cognitive 
impairment when they engaged in HALAs at any level of frequency (Krell-Roesch, Vemuri, et 
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al., 2017; Krell-Roesch, Syrjanen, et al., 2017). When examining individual cognitive leisure 
activities, Geda et al. (2011) found that while both handicraft activities (e.g., sewing, woodcrafts, 
etc.) and artistic activities (e.g., painting, sculpting) were associated with a decreased risk of 
having mild cognitive impairment, only handicraft activities reached statistical significance and 
resulted in a 30% to 50% decreased risk. Notably, these three studies conducted by Krell-
Roesch, Vemuri, et al. (2017) Krell-Roesch, Syrjanen, et al. (2017), and Geda et al. (2011) 
utilized more sensitive measures (e.g., WMS, WAIS subtests). However, relations between these 
subtests and handicraft activities were not reported. As Roberts et al. stated, these findings 
suggested that HALAs might increase CR by maintaining current neuronal function, stimulating 
neural growth, and by recruiting new, alternative neural pathways. Vance et al. (2012) agreed, 
stating that craft activities is a form of positive neuropsychology, in which neuronal connections 
are formed and CR increases.  
Cognitive Training 
There has been further support for the influence of HALAs on cognition in research 
centered on cognitive training. Park et al. (2009) used painting and handicraft activities in a 
cognitive training program, with the intention that these activities would emphasize the sense of 
touch and improve hand-eye coordination. This training was found to positively affect the 
participant’s cognition. Park et al. (2014) found that older adults exhibited a statistically 
significant increase in episodic memory when engaging in a quilting or photography training 
program. In addition, studies using cognitive training interventions with healthy older adults 
have used handicraft activities as a domain in a multi-domain cognitive training. The outcomes 
of this training included improved memory ability, improved visuospatial/construction, and 
improved attention (Cheng et al., 2012), as well as improved motor control (Luo et al., 2016), 
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improved neural connectivity between the brain’s two hemispheres (Li et al., 2016), improved 
cortical thickness (Jiang et al., 2016), and improved resting state within and among brain 
networks (Cao et al., 2016). The results of these cognitive training interventions appear to further 
corroborate the ability of leisure activity participation to be a modifiable and cognitively 
beneficial activity that middle-aged and older adults can engage in to promote CR.  
Present Study 
HALAs have been included in leisure activity items in CR questionnaires (Schwartz et 
al., 2013), but its contribution to CR in concert with existing CR factors (e.g., educational 
attainment, occupational attainment, social leisure activities, age, and depression) has only been 
examined in one study. Park et al. (2019) used a hierarchical regression to examine multiple 
leisure activities, age, educational attainment, and occupational attainment on scores of the Mini 
Mental Status Exam (MMSE). This study, however, still leaves a large area of cognitive ability 
unexamined, as the MMSE is most commonly used as a screening tool for cognitive functioning 
and is therefore not able to examine different domains of memory (e.g., working memory, 
perceptual reasoning, etc.). In addition, as previously noted, Krell-Roesch, Vemuri, et al. (2017) 
Krell-Roesch, Syrjanen, et al. (2017), Roberts et al. (2015), and Geda et al. (2011) utilized more 
sensitive measures, such as subtests from the WMS and WAIS cognitive assessments, but 
relations between these subtests and handicraft activities were not reported. 
Given that handicraft activities have been categorized as mentally stimulating in past 
research (Geda et al., 2011; Lueng et al., 2010; Vemuri et al., 2014; Vieta et al., 2019), and that 
cognitive activities have been found to increase CR (Vieta et al., 2019), the present study 
examined the relations between HALAs and multiple cognitive domains, including verbal 
comprehension, perceptual reasoning, working memory, processing speed, auditory memory, 
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visual memory, immediate memory, and delayed memory. Using a procedure similar to Park et 
al. (2019), we also determined the contribution of HALAs as a factor of CR through the 
construction of a hierarchical regression model. We hypothesized the following:   
1. HALA activities will be positively correlated with perceptual reasoning 
and working memory.  
2. HALA activities will account for statistically significant variance in a 
hierarchical regression, over and above the existing CR factors education, 
age, depression, and occupation. 
3. There will be a statistically significant difference between HALA leisure 
activities and non-HALA cognitive leisure activities and their relations 
with working memory and perceptual reasoning performance, as revealed 
by a t-test analysis.  
4. Additional exploratory analyses will investigate the relations between 
HALA activities and auditory memory, verbal comprehension, processing 
speed, visual memory, immediate memory, and delayed memory.  
Method 
Participants 
Archival data for 50 residents of a retirement community in Northern California (34 
women, 16 men) were used to investigate our research questions.  
Procedures  
Data were collected over two sessions, approximately one week apart. In the first session, 
— as part of a larger study — participants completed The Mini Mental State Examination 
(MMSE; Folstein et al., 1975) as a cognitive screening assessment, as well as the Repeated 
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Battery for the Assessment of Neuropsychological Status (RBANS; Randolph, 2012), and a 
demographics questionnaire.  
 In the second appointment, participants completed the Wechsler Adult Intelligence Scale: 
Fourth Edition (WAIS-IV; Wechsler, 2008) and the Wechsler Memory Scale: Fourth Edition 
(WMS-IV; Wechsler, 2009). Trained research assistants administered the assessments. The 
administration of the WAIS-IV and the WMS-IV, in combination, took approximately 60-90 
minutes to complete.   
Design 
In this study, there are five predictor variables: educational attainment, occupational 
attainment, participation in HALAs, age, depression. The dependent variable is cognitive 
functioning, as defined by the subtests (e.g. Similarities, Vocabulary, Information, Block Design, 
Matrix Reasoning, Visual Puzzles, Digit Span, Arithmetic, Symbol Search, and Coding) and 
indices (e.g., Full-Scale IQ, Verbal Comprehension, Perceptual Reasoning, Working Memory, 
and Processing Speed) scores of the WAIS-IV cognitive assessment and the subtests (e.g., Visual 
Reproduction I, Visual Reproduction II, Logical Memory I, Logical Memory II, Verbal Paired 
Associates I, and Verbal Paired Associates II) and indices (e.g., Auditory Memory, Visual 
Memory, Immediate Memory, and Delayed Memory) of the WMS-IV cognitive assessment.  
Assessments and Measures 
Educational Attainment 
Participants were asked to specify their level of education, which was part of a larger 
demographic measure. This was then transformed into an ordinal scale (i.e., high school = 1, 
some college = 2, bachelor’s degree = 3; bachelor’s degree plus other courses, but not enough to 
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qualify for a master’s degree = 4; master’s degree = 5; master’s degree plus other courses, but 
not enough to qualify for a doctorate degree; doctorate degree = 7).  
Occupational Attainment  
Participants were asked to list all the occupations they held in their life in chronological 
order, as well as the title they held at each occupation and how long they held that occupation. 
This was part of a larger demographic measure. Researchers then followed the procedure of 
assessing for occupational attainment as outlined by Ghaffar et al. (2012), in which occupations 
were categorized according to the U.S. Department of Labors' Dictionary of Occupational Titles. 
Participants were categorized using a binary coding into groupings of high or low occupational 
attainment based on the title of occupation held. High occupational attainment was defined as 
professional, technical, and managerial occupations. Low occupational attainment was defined as 
clerical/sales and processing occupations.  
HALAs 
Participants were asked to list all of the leisure activities in which they were currently 
involved in. This was part of a larger demographic measure. Based on the listings of leisure 
activities, participants were organized into two groups: ‘engages in HALAs’ and ‘does not 
engage in HALAs’. HALAs included knitting, quilting, sewing, crocheting, painting, drawing, 
woodwork, working on photo albums, working on crafts, working on projects, making jewelry, 
writing, and gardening (Capuzzi & Gross, 2013; Karatay & Akkuş, 2011; Park et al., 2019; 
Strizhitskaya, 2019). These variables were binarily coded, such that ‘engages in HALAs’ is 
given 1 point and ‘does not engage in HALAs’ is given 0 points. Non-HALA activities included 
activities such as reading, completing puzzles, singing, and collecting coins.  
Age 
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Participants reported their age as part of a larger demographic measure. Participants were 
asked to report their age at time of testing.  
Depression  
Participants completed the Geriatric Depression Scale-Short Form (Sheikh & Yesavage, 
1986) as a measure of current depressive symptoms. When the measure was administered in the 
larger demographic measure, it was labeled as “Emotion Questionnaire” so that the term 
“depression” did not cause any reactivity. The Geriatric Depression Scale-Short Form was 
designed specifically for the elderly and aims to capture the unique experience of depression in 
the elderly population (Coleman et al., 1981 as cited in Sheikh & Yesavage, 1986). The 
shortened form was developed to minimize fatigue and concentration that can be experienced by 
the elderly population when completing long scales (Yesavage & Sheikh; 1986). This 15-item 
scale measures depression using a binary yes/no scoring, such that each item endorsed with a 
“yes” is given 1 point. A score greater than 5 suggests depression (Sheikh & Yesavage, 1986). 
The Geriatric Depression Scale-Short Form was found to have strong discriminant validity and 
was found to be able to differentiate those that were depressed from those that were not (r = .84; 
Yesavage & Sheikh; 1986).  
Cognitive Function  
The Wechsler Adult Intelligence Scale – Fourth Edition (WAIS-IV) is a standardized 
assessment of cognitive functioning with strong construct validity and strong subtest and 
composite score reliability coefficients (Wechsler, 2008). The current fourth edition contains 
seven subtests: Similarities, Vocabulary, Information, Block Design, Matrix Reasoning, Visual 
Puzzles, Digit Span, Arithmetic, Symbol Search, and Coding. See Table 1 for an explanation of 
each subtest. Four indices — measuring verbal comprehension (VCI), perceptual reasoning 
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(PRI), working memory (WMI), and processing speed (PSI) — make up the Full-Scale IQ 
(FSIQ; Wechsler, 2008). An individual’s composite Full-Scale IQ (FSIQ) score can range from 
55 to 145 (M = 100, SD = 15; Wechsler, 2008).  
The Wechsler Memory Scale - Fourth Edition Older Adult Battery (WMS-IV; Wechsler, 
2009) is a standardized assessment of memory functioning with strong test-retest reliability and 
strong convergent and discriminant validity. The current fourth edition contains six subtests: 
Visual Reproduction I, Visual Reproduction II, Logical Memory I, Logical Memory II, Verbal 
Paired Associates I, and Verbal Paired Associates II. See Table 1 for an explanation of each 
subtest. These subtests make up four indices that assess Auditory Memory (AMI), Visual 
Memory (VMI), Immediate Memory (IMI), and Delayed Memory (DMI; Wechsler, 2009). As 
described by Wechsler (2009), the mean score of each index is 100 with a standard deviation of 
15, and a range from 40 to 160.  
Analyses 
To address our first hypothesis and examine if HALA activities were correlated with the 
PRI and WMI indices, bivariate Pearson r correlations were conducted.  
Similar to Park et al. (2019), to address our second hypothesis, we analyzed the data 
using a hierarchical regression to determine the contribution of HALAs as a factor of CR. To 
construct this statistical model, we entered the age and depression in the first step of the 
regression, followed by occupational attainment and educational attainment in the second step, 
and participation in HALAs in the third step. This procedure allowed us to determine if HALAs 
accounted for significant variance over and above the other CR factors previously identified in 
the literature. The dependent variables were the WMI and PRI indices.  
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 To address our third hypothesis, we conducted a series of independent samples t-test to 
determine if participation in HALAs is more beneficial to participants, as reflected in higher 
scores on the perceptual reasoning and working memory indices, than participating in non-
HALA cognitive activities. To analyze this, we examined all cognitive leisure activities 
participants reported. The variable of interest, HALA participation, was coded with HALA 
participation as a 1, and non-HALA cognitive leisure activity participation as a 0.  
To address the fourth hypothesis, which was exploratory, we conducted the procedures 
for the first, second, and third hypotheses again, with the dependent variables as the remaining 
indices and subtests scores on the WAIS-IV and WMS-IV. 
Results 
Participants 
Participants’ ages range from 67 to 89 years old (M = 79.82, SD = 6.28) and none of the 
participants had received a diagnosis of dementia/Alzheimer’s disease, nor indicated a diagnosis 
of dementia or Alzheimer’s disease, as all participants passed the MMSE at a cutoff score of 26. 
All participants lived in a Christian-based residential community, were Caucasian (98%), and 
received a high school education (100%) or above (91%). Participants were assumed to be of 
high socioeconomic status due to both the resources needed to reside in the community and the 
resources available to members of the community. See Table 2 for demographic information and 
see Table 3 for means and standard deviations of indices and subtests. Table 4 outlines the 
frequency with which particular HALAs were engaged in.  
Hypothesis 1: HALA Activities Would Be Positively Correlated with Perceptual Reasoning 
and Working Memory  
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 Bivariate Pearson r correlation analyses revealed that HALA activities were not 
significantly correlated with either perceptual reasoning (r = .06, p = .70) or working memory (r 
= .16, p = .26). However, exploratory bivariate Pearson r correlation analyses revealed that 
HALA activities were significantly correlated with Visual Puzzles (r = .38, p = .008) and Block 
Design (r = .28, p = .05), both of which are PRI subtests of the WAIS-IV. The third perceptual 
reasoning subtest, Matrix Reasoning, as well as the two working memory subtests, Digit Span 
and Arithmetic, did not reach statistical significance (ps > .05). A post-hoc power analysis 
determined this sample size (n = 47) yielded an actual power of .56 with the ability to reject the 
null hypothesis if an effect size of .3 was found. See Table 5 for complete bivariate Pearson r 
correlations of the WAIS-IV and WMS-IV indices and subtests.  
Hypothesis 2: HALA Activities Would Account for Statistically Significant Variance in a 
Hierarchical Regression, Over and Above the Existing CR Factors Education, Age, 
Depression, and Occupation  
A hierarchical linear regression was conducted to investigate how well participation in 
HALAs predicted each of the following cognitive domains, after controlling for age, depression, 
educational attainment, occupational attainment. The assumptions of linearity, normally 
distributed errors, and uncorrelated errors were assessed and met for all indices and subtests, 
with the exception of the Shapiro-Wilks tests for the PRI index, and the Visual Puzzles and Digit 
Span subtests (ps <.05). Thus, the assumption of normality for these specific indices and subtests 
might be violated, indicating that the data for these analyses might deviate from a normal 
distribution, possibly as a result from the small sample size.    
Step 1 of the model included age and depression as predictors. Step 2 included age, 
depression, educational attainment, and occupational attainment as predictors, with a significant 
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F change indicating that the inclusion of the predictors educational attainment and occupational 
attainment explained variance over and above the predictors age and depression in Step 1. Step 3 
included age, depression, educational attainment, occupational attainment, and HALA 
participation, with a significant F change indicating that the inclusion of the predictor HALA 
participation in Step 3 explained variance over and above the predictors age, depression, 
educational attainment, and occupational attainment in Step 2. These steps were the same for 
each of the following analyses. See Table 6 and for a visual representation of the hierarchical 
regression. Means and standard deviations are presented in Table 3. A post-hoc power analysis 
determined this sample yielded an actual power of .82 with the ability to reject the null 
hypothesis if an effect size of .18 was found. The analyses for perceptual reasoning and working 
memory were hypothesized, while the analyses for Block Design, Matrix Reasoning, Visual 
Puzzles, Digit Span, and Arithmetic were exploratory.  
Perceptual Reasoning 
Step 1 of the model did not reach significance and revealed that age and depression did 
not account for variance in perceptual reasoning ability, F(2, 44) = .51, p = .61, adjusted R2 = -
.02. Similarly, Step 2 of the model was not statistically significant, R2 change = .05, F(2, 42) = 
1.10, p = .34, adjusted R2 = -.02, as no additional variance was accounted for by educational 
attainment and occupational attainment. Further, the entire group of variables at Step 2 did not 
significantly predict perceptual reasoning ability, F(4, 42) = 0.80, p = .53. The addition of 
participation in HALA activities in Step 3 did not improve the model, R2 change = .004, F(1, 41) 
= 0.17, p = .69. Similarly, the entire group of variables at Step 3 did not account for a significant 
amount of variance in perceptual reasoning ability, F(5, 41) = 0.66, p = .65, adjusted R2 = -.04. 
As revealed by the adjusted R2, no additional variance was accounted for by HALA participation. 
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Block Design 
Step 1 of the model did not reach significance and revealed that age and depression 
accounted for only 7% of the variance in Block Design performance, F(2, 44) = 2.72, p = .08, 
adjusted R2 = .07. Step 2 of the model was statistically significant, R2 change = .13, F(2, 44) = 
3.62, p = .04, adjusted R2 = .17, as 10% additional variance was accounted for by educational 
attainment and occupational attainment. Further, the entire group of variables at Step 2 
significantly predicted Block Design performance, F(4, 42) = 3.34, p = .02. The beta weights and 
significance values, presented in Table 7, indicate which variables contributed most to predicting 
Block Design performance when age, depression, educational attainment, and occupational 
attainment, were entered together as predictors. With this combination of predictors, education (β 
= -.45, p = .01), age (β = .41, p = .006), and occupational attainment (β = -.33, p = .05) 
contributed to predicting Block Design at a statistically significant level. The addition of 
participation in HALA activities in Step 3 improved the model, R2 change = .07, F(1, 41) = 4.45, 
p = .04. Similarly, the entire group of variables at Step 3 accounted for a significant amount of 
variance in Block Design performance, F(5, 41) = 3.78, p = .007, adjusted R2 = .23, as 6% 
additional variance was accounted for by HALA participation. With this combination of 
predictors, education (β = -.42, p = .02) age (β = .41, p = .004), occupational attainment (β = -
.32, p = .05) and HALA participation (β = .28, p = .04) contributed to predicting Block Design 
performance at a statistically significant level.   
Visual Puzzles 
Step 1 of the model did not reach significance and revealed that age and depression did 
not account for variance in Visual Puzzle performance, F(2, 45) = 0.01, p = .99, adjusted R2 = -
.04. Similarly, Step 2 of the model was not statistically significant, R2 change = .07, F(2, 43) = 
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1.59, p = .22, adjusted R2 = -.02, as no additional variance was accounted for by educational 
attainment and occupational attainment. Further, the entire group of variables at Step 2 did not 
significantly predict perceptual reasoning ability, F(4, 42) = 0.80, p = .53. The addition of 
participation in HALA activities in Step 3 improved the model, R2 change = .14, F(1, 42) = 7.20, 
p = .01. However, the entire group of variables did not predicted performance on the Visual 
Puzzles perceptual reasoning subtest at a statistically significant level, F(5, 42) = 2.17, p = .08, 
adjusted R2 = .11. As revealed by the adjusted R2, 11% of the variance was accounted for by 
HALA participation. 
Matrix Reasoning 
Step 1 of the model did not reach significance and revealed that age and depression did 
not account for variance in Matrix Reasoning performance, F(2, 43) = 0.91, p = .41, adjusted R2 
= -.004. Similarly, Step 2 of the model was not statistically significant, R2 change = .01, F(2, 40) 
= 0.25, p = .34, adjusted R2 = -.04, as no additional variance was accounted for by educational 
attainment and occupational attainment. Further, the entire group of variables at Step 2 did not 
significantly predict Matrix Reasoning performance, F(4, 40) = 0.56, p = .69. The addition of 
participation in HALA activities in Step 3 did not improve the model, R2 change = .05, F(1, 39) 
= 1.96, p = .17. Similarly, the entire group of variables at Step 3 did not account for a significant 
amount of variance in Matrix Reasoning performance, F(5, 39) = 0.85, p = .52, adjusted R2 = -
.04. As revealed by the adjusted R2, no additional variance was accounted for by HALA 
participation. 
Working Memory 
Step 1 of the model did not reach significance and revealed that age and depression 
accounted for only 5% of the variance in working memory ability, F(2, 45) = 2.24, p = .12, 
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adjusted R2 = .05. Step 2 of the model was statistically significant, R2 change = .09, F(2, 43) = 
8.11, p = .001, adjusted R2 = .28, as 23% additional variance was accounted for by educational 
attainment and occupational attainment. Further, the entire group of variables at Step 2 
significantly predicted working memory ability, F(4, 43) = 5.53, p < .001. The beta weights and 
significance values, presented in Table 7, indicates which variables contributed most to 
predicting working memory ability when age, depression, educational attainment and 
occupational attainment were entered together as predictors. With this combination of predictors, 
age (β = .59, p = .03) and occupational attainment (β = -0.48, p = .003) contributed to predicting 
working memory ability. The addition of participation in HALA activities in Step 3 improved the 
model, R2 change = .06, F(1, 42) = 3.92, p = .05. Similarly, the entire group of variables at Step 3 
accounted for a significant amount of variance in working memory ability, F(5, 42) = 5.51, p < 
.001, adjusted R2 = .32, as 4% additional variance was accounted for by HALA participation. 
Similar to Model 2, age (β = .29, p = .02) and occupational attainment (β = -.47, p = .003) 
contributed to predicting working memory ability. In addition to these two variables, HALA 
participation (β = .24, p = .05) also contributed to predicting working memory ability at a 
statistically significant level.  
Digit Span 
Step 1 of the model did not reach significance and revealed that age and depression 
accounted for only 2% of the variance in Digit Span performance, F(2, 45) = 1.55, p = .22, 
adjusted R2 = .02. Step 2 of the model was statistically significant, R2 change = .19, F(2, 43) = 
5.29, p = .009, adjusted R2 = .18, as 16% additional variance was accounted for by educational 
attainment and occupational attainment. Further, the entire group of variables at Step 2 
significantly predicted Digit Span performance, F(4, 43) = 3.57, p = .01. The beta weights and 
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significance values, presented in Table 7, revealed which variables contributed most to 
predicting working memory ability when age, depression, educational attainment, and 
occupational attainment were entered together as predictors. With this combination of predictors, 
occupational attainment (β = -.52, p = .003) and age (β = .28, p = .05) contributed to predicting 
Digit Span performance.  The addition of participation in HALA activities in Step 3 did not 
improve the model, R2 change = .03, F(1, 42) = 1.90, p = .18. However, the entire group of 
variables at Step 3 accounted for a significant amount of variance in Digit Span performance, 
F(5, 42) = 3.30, p = .01, adjusted R2 = .20, as 2% additional variance was accounted for by 
HALA participation. Similar to Model 2, occupational attainment (β = -0.51, p = .003) and age 
(β = .28, p = .04) contributed to predicting Digit Span performance at a statistically significant 
level. 
Arithmetic  
Step 1 of the model did not reach significance and revealed that age and depression 
accounted for only 6% of the variance in Arithmetic performance, F(2, 45) = 1.40, p = .26, 
adjusted R2 = .06. Step 2 of the model was statistically significant, R2 change = .19, F(2, 43) = 
5.46, p = .008, adjusted R2 = .18, as 12% additional variance was accounted for by educational 
attainment and occupational attainment. Further, the entire group of variables at Step 2 
significantly predicted Arithmetic performance, F(4, 43) = 3.57, p = .01. The beta weights and 
significance values, presented in Table 7, revealed which variables contributed most to 
predicting working memory ability when age, depression, educational attainment, and 
occupational attainment were entered together as predictors. With this combination of predictors, 
no predictors contributed to predicting Arithmetic performance at a statistically significant level.   
The addition of participation in HALA activities in Step 3 did not improve the model, R2 change 
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= .04, F(1, 42) = 2.35, p = .13. However, the entire group of variables at Step 3 accounted for a 
significant amount of variance in Arithmetic performance, F(5, 42) = 3.41, p = .01, adjusted R2 = 
.20, as 2% additional variance was accounted for by HALA participation. Similar to Model 2, 
with this combination of predictors, no predictors contributed to predicting Arithmetic 
performance at a statistically significant level. 
Hypothesis 3: There Would be a Statistically Significant Difference Between HALA 
Leisure Activities and Non-HALA Cognitive Leisure Activities and Their Relations with 
Working Memory and Perceptual Reasoning Performance, as Indicated by a T-Test 
Analysis  
Analyses of perceptual reasoning ability revealed no statistically significant difference 
between those that participated in HALA activities (M = 111.46, SD = 26.74, n = 22), verses 
those that participated in non-HALA cognitive activities (M = 109.24, SD = 12.35, n = 25); t(45) 
= -0.37, p = .71, d = -0.11 [95% CI: -14.21, 9.78]. However, exploratory analyses revealed a 
statistically significant difference between those that participated in HALA activities (M = 12.96, 
SD = 3.30, n = 22), verses those that participated in non-HALA cognitive activities (M = 10.46, 
SD = 2.97, n = 26); t(46) = -2.75, p = .008, d = -.80 [95% CI: -4.32, -0.67] on the Visual Puzzles 
subtest. Additionally, exploratory analyses revealed a statistically significant difference between 
those that participated in HALA activities (M = 13.14, SD = 2.36, n = 22), verses those that 
participated in non-HALA cognitive activities (M = 11.65, SD = 2.70, n = 26); t(46) = -2.01, p = 
.05, d = -.58 [95% CI: -1.16, 0.01] on the Block Design subtest. No statistically significant 
results were found for the Matrix Reasoning subtest (ps < .05).  
Similar to the findings regarding perceptual reasoning ability, results revealed no 
statistically significant difference between those that participated in HALA activities (M = 
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107.41, SD = 10.95, n = 22), verses those that participated in non-HALA cognitive activities (M 
= 103.31, SD = 14.29, n = 26); t(46) = -1.10, p = .28, d = -.032 [95% CI: -11.61, 3.40] on 
working memory ability. Results from exploratory analyses also revealed no statistically 
significant results for the working memory indices subtests of Digit Span or Arithmetic (ps < 
.05). A post-hoc power analysis determined this sample size (n1 = 25, n2 = 22) yielded an actual 
power of .39 with the ability to reject the null hypothesis if an effect size of .50 was found. See 
Table 8 for complete t-test analysis results.  
Hypothesis 4: Additional Exploratory Analyses Would Investigate the Relations Between 
HALA Activities and Auditory Memory, Verbal Comprehension, Processing Speed, Visual 
Memory, Immediate Memory, and Delayed Memory 
Hierarchical linear regressions were conducted to investigate how well participation in 
HALAs predicted each of the following cognitive domains, after controlling for age, depression, 
educational attainment, and occupational attainment. The assumptions of linearity, normally 
distributed errors, and uncorrelated errors were assessed and met for all indices and subtests, 
with the exception of the Shapiro-Wilks tests for the VMI index, and Symbol Search subtest (ps 
<.05). Thus, the assumption of normality for these specific indices and subtests might be 
violated, indicating that the data for these analyses might deviate from a normal distribution, 
possibly as a result from the small sample size.     
Step 1 of the model included age and depression as predictors. Step 2 included age, 
depression, educational attainment, and occupational attainment as predictors, with a significant 
F change indicating that the inclusion of the predictors educational attainment and occupational 
attainment explained variance over and above the predictors age and depression in Step 1. Step 3 
included age, depression, educational attainment, occupational attainment, and HALA 
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participation, with a significant F change indicating that the inclusion of the predictor HALA 
participation in Step 3 explained variance over and above the predictors age, depression, 
educational attainment, and occupational attainment in Step 2. These steps were the same for 
each of the following analyses. See Table 6 and for a visual representation of the hierarchical 
regression. Means and standard deviations are presented in Table 3. All significant exploratory 
analyses of the WAIS-IV and WMS-IV indices and subtests are described below. Analyses not 
described did not reach statistical significance (ps > .05).  
Hierarchical Regressions 
FSIQ. Step 1 of the model approached statistical significance and revealed that age and 
depression accounted for only 8% of the variance in performance on the FSIQ index, F(2, 44) = 
3.00, p = .06, adjusted R2 = .08. Step 2 of the model was statistically significant, R2 change = .12, 
F(2, 42) = 3.43, p = .04, adjusted R2 = .17, as 9% additional variance was accounted for by 
educational attainment and occupational attainment. Further, the entire group of variables at Step 
2 significantly predicted performance on the FSIQ index, F(4, 42) = 3.38, p = .02. The beta 
weights and significance values, presented in Table 7, indicate which variables contributed most 
to predicting FSIQ performance when age, depression, educational attainment, and occupational 
attainment were entered together as predictors. With this combination of predictors, occupational 
attainment (β = -.36, p = .04) and age (β = .35, p = .02) predicted FSIQ performance. The 
addition of participation in HALA activities in Step 3 improved the model, R2 change = .09, F(1, 
41) = 5.47,  p = .02. Similarly, the entire group of variables at Step 3 accounted for a significant 
amount of variance in predicted performance on the FSIQ index, F(5, 41) = 4.09,  p = .004, 
adjusted R2 = .25, as 8% additional variance was accounted for by HALA participation. With this 
combination of predictors, HALA participation (β = .31, p = .02), occupational attainment (β = -
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.35, p = .04), and age (β = .35, p = .01) predicted FSIQ performance at a statistically significant 
level.   
T-Tests 
Results revealed a statistically significant difference between those that participated in 
HALA activities (M = 11.36, SD = 1.97, n = 22), verses those that participated in non-HALA 
cognitive activities (M = 9.96, SD = 2.34, n = 26); t(46) = -2.22, p = .03, d = -0.64 [95% CI: -
2.66, -0.07] on the Logical Memory II subtest. No statistically significant results were found 
during the exploratory analyses for the other WAIS-IV and WMS-IV indices and subtests (ps < 
.05). 
Discussion and Future Directions 
The purpose of the present study was to examine the relations between HALAs and 
multiple cognitive functioning domains. More importantly, the present study investigated the 
contribution of HALAs as a factor of CR. CR literature has focused on education and occupation 
and leisure activities as a whole without looking at specific types of activities. This study 
expands on past research (e.g., Park et al., 2019; Krell-Roesch, Vemuri, et al., 2017; Krell-
Roesch, Syrjanen, et al., 2017; Roberts et al., 2015; and Geda et al., 2011) by incorporating 
extensive and more sensitive neuropsychological assessments that can examine cognitive 
functioning at a deeper level.    
   Contrary to our first hypothesis, HALA activities were not significantly correlated with 
either perceptual reasoning or working memory. However, HALA participation was significantly 
correlated with performance on both Block Design and Visual Puzzles. The significant relations 
with Block Design and Visual Puzzles align with the nature of HALAs, which are typically 
visual in nature (e.g., sewing, painting, woodworking) and require reasoning for task completion 
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(e.g., fixing mistakes, conceptualizing how to complete a project given one’s current project 
status).  
In line with our second hypothesis, HALA participation accounted for statistically 
significant variance in working memory performance over and above the established CR factors 
of education, age, depression, and occupation. This may reflect the sustained concentration and 
the ability to actively maintain and manipulate information that is often required by HALAs. 
Similarly, HALA participation accounted for statistically significant variance over and above the 
existing CR factors for the perceptual reasoning subtests of Block Design and Visual Puzzles, 
which may speak to HALAs characteristic of involving the visual and manual manipulation of 
supplies for projects.  
 Despite HALA participation accounting for statistically significant variance over and 
above the existing CR factors for two of the three perceptual reasoning subtests, the results of the 
Perceptual Reasoning Index analysis were not statistically significant. It is possible that the 
nonsignificant finding of the Matrix Reasoning subtest diminished the positive results of the 
other two perceptual reasoning subtests, causing the index result to not be statistically 
significant. One explanation for this could be that the degrees of freedom and overall sample size 
for Matrix Reasoning was smaller due to some participants not being administered the subtest for 
various medical or scheduling reasons.  
   In addition, another surprising result is that although the Working Memory Index 
regression produced significant results, HALA participation did not account for statistically 
significant variance over and above the existing CR factors for the Digit Span or Arithmetic 
subtests. It is worth noting that although HALA participation did not account for statistically 
significant variance over and above the other CR factors, the model of all five predictors 
HANDICRAFT ART LEISURE ACTIVITIES, COGNITIVE RESERVE         27 
significantly predicted Digit Span and Arithmetic performance. This suggests that adding HALA 
participation to the model was not a negative addition to the model, but was also not beneficial at 
a level above the CR markers.  
Contrary to our third hypothesis, t-test analyses did not reveal a statistically significant 
difference between HALA participation and non-HALA cognitive leisure activity participation in 
their relations with working memory and perceptual reasoning performance. However, a 
statistically significant difference between the two groups was revealed for the Visual Puzzles 
and Block Design subtests, indicating that HALA participation is related to better ability to 
perform complex and abstract visual information tasks and use non-verbal reasoning.  
Upon conducting several exploratory analyses, several other significant results were 
revealed. The Full-Scale IQ was significant or approached significance in every step of the 
model (e.g., Step 1, p = .06). As the additional variables were added at each step of the model, 
the model improved. In addition, numerous indices and subtests had statistically significant 
variance explained in the second steps of the hierarchical regression but did not improve in the 
third step of the model, despite the overall model significantly predicting performance. These 
indices and subtests include the Verbal Comprehension Index, Vocabulary, Information, and 
Visual Reproduction I. However, as revealed by the overall model being significant, these five 
CR predictors, including HALA participation, appear to be positively related to verbal ability, 
general knowledge, and immediate, non-verbal, visual memory. 
Similarly, the Logical Memory I subtest model improved in explaining variance in the 
second step of the model. However, the model did not predict Logical Memory I performance at 
a statistically significant level at any step of the model. Finally, two subtests, Information and 
Symbol Search, achieved statistical significance at the first step of the model with age and 
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depression as the sole predictors. The model explaining the variance of Information improved at 
Step 2 as noted above, but the Symbol Search subtest did not improve at Steps 2 or 3, and the 
models were no longer significant with additional predictors.  
Implications and Clinical Value  
As revealed by the results, HALA participation may play a role in multiple cognitive 
abilities and domains, including recall of auditory information, verbal abilities, general 
knowledge, immediate and non-verbal visual memory, non-verbal reasoning, and the ability to 
complete complex visual processing tasks. These positive relations may be due to the tasks that 
fall under the HALA category. It is reasonable to suggest that HALA participation could 
promote the ability for older adults to retain their ability to complete tasks in the cognitive 
domains listed above, supporting the role of HALA participation as a CR factor. This could be 
especially important given that the other CR markers are often unchangeable at late life. 
However, given the correlational research design of the present study, causal claims cannot be 
made.  
Limitations 
Two primary limitations of this study might serve to hinder the external validity of our 
findings. The first is the lack of experimental design, and therefore, the nature of this study being 
strictly correlational, which precludes any discussion of HALA participation as a causal factor in 
cognitive functioning. Secondly, the current study was a small, homogenous sample, which 
limits our ability to generalize the findings. Furthermore, this small sample might have caused 
some of the data to deviate from a normal distribution, potentially hindering the interpretability 
of our findings. However, it should be noted that despite a small sample, numerous statistically 
significant results were detected. Of note, multiple analyses yielded large effect sizes, suggesting 
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that the effects of HALA participation are large and can be detected even in a small sample 
Additionally, the relatively highly educated sample in this study may have limited the ability to 
detect additional relations with HALAs. However, other CR markers had significant beta weights 
in concert with — or in some cases, as opposed to — educational attainment, suggesting that 
there is value to other CR markers besides educational attainment, which is often considered the 
most important CR marker.   
Future Research Directions 
Future research should replicate the present study with a larger sample that has greater 
variation in age, socioeconomic status, and educational achievement. This can help to identify if 
differences in the relations between HALA participation and cognitive domains described above 
are valid in younger populations, older populations, less educated populations, lower 
socioeconomic populations, and populations of different cultural backgrounds.  
Future research investigating HALA participation should incorporate an experimental 
design to examine the causal association between HALA participation and cognitive functioning. 
This research could be used to address the broader issue in the CR literature regarding the 
directionality theory. The directionality theory is concerned with the direction in which 
participation in leisure activities are associated with cognitive functioning. Instead of supporting 
the idea that participating in leisure activities promotes cognitive functioning, this theory 
proposes the opposite: individuals with high cognitive functioning seek out and engage in 
activities, particularly cognitively stimulating activities. Aartsen et al. (2002) found that 
individuals with high cognitive functioning preferred to engage in cognitively-stimulating 
activities. Fung et al. (2011) also found that elderly with high cognitive functioning perform 
HANDICRAFT ART LEISURE ACTIVITIES, COGNITIVE RESERVE         30 
activities that are cognitively stimulating more frequently. A study with an experimental design 
may begin to reveal the direction, and under what circumstances, this association may change.  
In addition, it is recommended that future research focuses on examining how late-life 
participation in HALAs can impact functional independence of older adults. Specifically, future 
research focused on specific HALAs (e.g., a focus on woodwork) might identify which specific 
HALA activities are most beneficial and therefore, which are best to focus on if scheduling 
demands only allow for one or two HALAs to be completed.  
In summary, participating in HALA activities may plan a key role in maintaining 
cognitive functioning, indicating its role as a CR marker. This can be especially important since 
HALA activity participation is a very modifiable CR factor, compared to educational and 
occupational attainment, as middle- and late-aged adults can begin participating in these HALA 
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Table 1 
Description of the WAIS-IV and WMS-IV Subtests 
Assessment Indices Subtest Description  
WAIS-IV VCI Similarities A verbal reasoning and concept development task that 
presents participants two words and asks how the two are 
alike (e.g., horse and tiger).  
  Vocabulary A word knowledge and verbal concept task that presents 
participants with words and asks for a definition of the 
words. 
  Information A knowledge acquisition, retention, and retrieval task that 
asks participants a series of general knowledge questions 
(e.g., Where was the first Olympic games held?). 
 PRI Block Design A complex visual information task that asks participants to 
copy a pattern using blocks. 
  Matrix 
Reasoning 
A non-verbal problem-solving task that requires 
participants to complete a picture by choosing the missing 
piece.  
  Visual Puzzles A non-verbal reasoning and abstract visual comprehension 
task that asks participants to complete a pattern by 
choosing the missing piece. 
 WMI Digit Span A verbal short-term memory and attention task that asks 
participants to repeat a set of numbers back to the examiner 
under various conditions. 
  Arithmetic  A working memory task that asks participants to complete 
numerous mental arithmetic questions without the ability to 
do calculations on paper. 
 PSI Symbol Search A processing speed task that also measures visual-motor 
coordination and concentration. Participants are asked to 
examine two target symbols and then identify the target 
symbol within a group of distractor symbols. 
  Coding  A processing speed task that also measures learning, short-
erm memory, and concentration. Participants are asked to 
identify a symbol that corresponds with a number. 
WMS-IV AMI/IMI Logical Memory 
I 
An immediate narrative memory task.  Two stories are 
orated to participants, in which one of the stories is 
presented twice. Participants are asked to retell each story 
immediately after hearing it.  
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 AMI/DMI Logical Memory 
II  
A delayed narrative memory task that assesses the delayed 
recall of the Logical Memory I story after 20-30 minutes 
have passed. 
 AMI/IMI Verbal Paired 
Associates I  
An immediate verbal memory task that asks participants to 
listen to a series of word pairs and then match the first 
word of the word pair with the second word. 
 AMI/DMI Verbal Paired 
Associates II  
A delayed verbal memory task assessing recall of the 
Verbal Paired Associates I word pairs after 20-30 minutes 
have passed. In addition, it is a recognition task as 
participants are asked to listen to a list of words and 
identify which of the words were included in the word 
pairs. 
 VMI/IMI Visual 
Reproduction I  
An immediate, non-verbal, visual memory tasks that asks 
participants to draw a presented image from memory.  
 VMI/DMI Visual 
Reproduction II  
A long-term, non-verbal visual memory task that asks 
participants to draw the image they saw during Visual 
Reproduction I after 20-30 minutes had passed. 
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Table 2 
Demographic Information 
Variable M(SD) Range n (%) 
Age (years) 79.71 (6.27) 67 - 89 50 (100%) 
Education  16 12 - 21 32 (64%) 
Women   34 (68%) 
Ethnic minority   1 (2%) 
Note. Data for educational attainment was collected by asking participants to list their highest form of education in 
the following categories: high school; some college; bachelor’s degree; bachelor’s degree plus other courses, but not 
enough to qualify for a master’s degree; master’s degree; master’s degree plus other courses, but not enough to 
qualify for a doctorate degree; and doctorate degree. Using this information, a numerical mean value was calculated. 
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Table 3 
Means and Standard Deviations of Indices and Subtests 
Variable M(SD) Range n (%) 
WAIS-IV     
     VCI 113.90 (12.14) 89.00 - 145.00  
          Vocabulary 12.69 (2.13) 7.00 - 19.00  
          Similarities 12.71 (2.86) 5.00 - 18.00  
          Information 11.98 (2.51) 6.00 - 19.00  
     PRI a 110.21 (19.97) 36.00 - 142.00  
         Block Design 12.33 (2.63) 5.00 - 17.00  
         Visual Puzzles a 11.59 (3.30) 6.00 - 19.00  
          Matrix Reasoning 12.15 (2.63) 6.00 - 18.00  
     WMI 105.12 (12.77) 71.00 - 128.00  
          Digit Span a 11.16 (2.49) 3.00 -15.00  
          Arithmetic 10.76 (3.13) 1.00 - 16.00  
      PSI 108.04 (12.94) 68.00 - 135.00  
          Symbol Search a 11.51 (2.99) 1.00 - 18.00  
          Coding 11.54 (2.32) 7.00 - 17.00  
      FSIQ 113.50 (11.65) 74.00 - 138.00  
WMS-IV    
     AMI 111.56 (11.62) 87.00 - 136.00  
         Logical Memory I 11.38 (2.41) 6.00 - 16.00  
         Logical Memory II 10.60 (2.27) 4.00 - 16.00  
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         Verbal Paired Associates I 12.69 (2.54) 6.00 - 18.00  
         Verbal Paired Associates II 13.02 (2.60) 6.00 - 18.00  
     VMI a 107.27 (11.20) 84.00 - 143.00  
         Visual Reproduction I  11.54 (2.09) 8.00 - 17.00  
         Visual Reproduction II  11.08 (2.74) 3.00 - 17.00  
      IMI 111.81 (10.55) 90.00 - 145.00  
      DMI 110.08 (12.97) 75.00 - 135.00  
Note. a = Shapiro-Wilks test was statistically significant (ps < .05), indicating a violation of normality. 
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Table 4 
Frequencies of HALAs 
HALA Activity   N 
Sewing (5), Quilting (4), Knitting (3), Crocheting (1) and Needlepoint (1)  14 
Gardening 6 
Painting (2) and Drawing (1) 3 
Wood shop 3 
Working on projects/crafts  2 
Working with photos 2 
Card making/Scrapbooking  2 
Making jewelry  1 
Working on model cars 1 
Writing  1 
Note. Participants could have participated in more than one HALA activity, so this list allows for one participant to 
choose multiple categories.  
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Table 5 
Bivariate Correlations of HALA Participation and WAIS-IV and WMS-IV Indices and Subtests 
Assessment Indices Subtest n HALA Participation 
WAIS VCI  48 .10 
  Vocabulary 49 .13 
  Similarities 48 -.04 
  Information 49 .16 
 PRI  48 .06 
  Block Design 48 .28* 
  Matrix Reasoning 46 .19 
  Visual Puzzles 49 .38** 
 WMI  49 .16 
  Digit Span 49 .12 
  Arithmetic 49 .14 
 PSI  48 .07 
  Coding 48 -.04 
  Symbol Search  49 .11 
 FSIQ  48 .25 
     
WMS AMI  48 .10 
  Logical Memory I 48 .03 
  Logical Memory II 48 .31* 
  Verbal Paired Associates I 48 .15 
  Verbal Paired Associates II 48 -.14 
 VMI  48 .12 
  Visual Reproduction I 48 .02 
  Visual Reproduction II  48 .14 
 IMI  48 .10 
 DMI  48 .13 
Note. *p ≤ .05, **p ≤ .01 
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Table 6 
Hierarchical Regression Results for the WAIS-IV Indices and Subtests  




F change df1 df2 Sig. F 
Change 
VCI  1 .06 .02 11.80 .06 1.40 2 44 .26 
  2 .27 .20 10.64 .21 6.09 2 42 .005* 
  3 .30 .21 10.56 .03 1.58 1 41 .22 
 Similarities 1 .02 -.02 2.81 .02 .48 2 44 .62 
  2 .06 -.03 2.82 .04 0.81 2 42 .45 
  3 .06 -.06 2.86 .001 0.06 1 41 .80 
 Vocabulary 1 .02 -.03 2.16 .02 0.40 2 45 .674 
  2 .21 .13 1.98 .19 5.08 2 43 .01* 
  3 .25 .16 1.95 .04 2.42 1 42 .13 
 Information 1 .24 .20 2.25 .24 7.03 2 45 .002* 
  2 .49 .44 1.89 .25 10.50 2 43 .000* 
  3 .52 .46 1.86 .03 2.30 1 42 .14 
PRI  1 .02 -.02 20.37 .02 .51 2 44 .61 
  2 .07 -.02 20.32 .05 1.10 2 42 .34 
  3 .08 -.04 20.53 .004 0.17 1 41 .69 
 Block Design 1 .11 .07 2.56 .11 2.73 2 44 .08 
  2 .24 .17 2.42 .13 3.62 2 42 .04* 
  3 .32 .23 2.32 .07 4.45 1 41 .04* 
 Matrix Reasoning 1 .04 -.004 2.65 .04 0.91 2 42 .41 
  2 .05 -.04 2.70 .01 0.25 2 40 .78 
  3 .10 -.02 2.67 .05 1.96 1 39 .17 
 Visual Puzzles 1 .001 -.04 3.39 .001 0.01 2 45 .99 
  2 .07 -.02 3.35 .07 1.59 2 43 .22 
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  3 .21 .11 3.13 .14 7.20 1 42 .01* 
WMI  1 .09 .05 12.52 .09 2.24 2 45 .12 
  2 .34 .28 10.91 .25 8.11 2 43 .001* 
  3 .40 .32 10.56 .06 3.92 1 42 .054* 
 Digit Span 1 .07 .02 2.45 .07 1.55 2 45 .22 
  2 .25 .18 2.24 .19 5.29 2 43 .009* 
  3 .28 .20 2.22 .03 1.90 1 42 .18 
 Arithmetic  1 .06 .02 3.14 .06 1.40 2 45 .26 
  2 .25 .18 2.87 .19 5.46 2 43 .008* 
  3 .29 .20 2.82 .04 2.35 1 42 .13 
PSI   1 .12 .08 12.51 .12 2.93 2 44 .06 
  2 .12 .04 12.75 .007 0.16 2 42 .85 
  3 .13 .03 12.84 .01 0.46 1 41 .50 
 Symbol Search  1 .12 .08 2.88 .12 3.11 2 45 .055* 
  2 .14 .06 2.91 .02 0.44 2 43 .65 
  3 .16 .06 2.91 .02 1.14 1 42 .29 
 Coding  1 .09 .05 2.28 .09 2.24 2 44 .12 
  2 .09 .006 2.33 .00 0.007 2 42 .99 
  3 .09 -.02 2.36 .00 0.006 1 41 .94 
FSIQ  1 .12 .08 11.29 .12 3.00 2 44 .06 
  2 .24 .17 10.71 .12 3.43 2 42 .04* 
  3 .33 .25 10.19 .09 5.47 1 41 .02* 
Note. *p ≤ .05, **p ≤ .01. 
Model 1: age and depression; Model 2: age, depression, occupational attainment, educational attainment; Model 3: age, depression, occupational attainment, 
educational attainment and HALA engagement.  
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Table 7 
Significant Hierarchical Regression Results for Significant WAIS-IV Indices and Subtests  
Variable B SE B β 
VCI    
Step 2    
      Constant 75.507 20.49  
      Age 0.40 0.26 0.21 
      Depression 1.43 1.30 0.16 
      Occupation -3.99 4.40 -0.15 
      Education 2.85 1.27 0.38* 
Vocabulary    
Step 2    
      Constant 9.96 3.81  
      Age 0.03 0.05 0.09 
      Depression 0.06 0.24 0.04 
      Occupation -0.95 0.82 -0.20 
      Education 0.42 0.24 0.31 
Information    
Step 1    
      Constant -0.63 4.19  
      Age 0.15 0.05 0.38** 
      Depression 0.51 0.26 0.26* 
Step 2    
     Constant -0.80 3.62  
     Age 0.14 0.05 0.34** 
      Depression 0.82 0.23 0.42*** 
      Occupation -1.01 0.78 -0.18 
      Education 0.64 0.22 0.40** 
Block Design    
Step 2    
      Constant 4.45 4.65  
      Age 0.17 0.06 0.41** 
      Depression -0.43 0.29 -0.21 
      Occupation -1.99 1.00 -0.33* 
      Education -0.76 0.29 -0.45** 
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Step 3    
      Constant 3.53 4.49  
      Age 0.17 0.06 0.41** 
      Depression -0.53 0.29 -0.26 
      Occupation -1.90 0.96 -0.32* 
      Education -0.71 0.28 -0.42* 
      HALA 1.470 0.70 0.28* 
Visual Puzzles    
Step 3    
Constant 12.114 6.040  
      Age 0.04 0.08 0.07 
      Depression -0.28 0.38 -0.11 
      Occupation -2.33 1.29 -0.31 
      Education -0.36 0.37 -0.17 
      HALA 2.50 0.93 0.38* 
WMI    
Step 2    
Constant 75.52 20.96  
      Age 0.59 0.26 0.29* 
      Depression -1.11 1.32 -0.11 
      Occupation -14.19 4.51 -0.48** 
      Education 0.32 1.30 0.04 
Step 3    
Constant 71.26 20.39  
      Age 0.60 0.25 0.29* 
      Depression -1.54 1.30 -0.15 
      Occupation -13.86 4.37 -0.47** 
      Education -0.56 1.26 0.07 
      HALA 6.22 3.14 0.24* 
Digit Span    
Step 2    
Constant 7.55 4.31  
      Age 0.11 0.05 0.28* 
      Depression -0.31 0.27 -0.16 
      Occupation -2.95 0.93 -0.52** 
      Education -0.33 0.27 -0.21 
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Arithmetic     
Step 2    
Constant 3.50 5.51  
      Age 0.11 0.07 0.21 
      Depression -0.09 0.35 -0.04 
      Occupation -2.07 1.19 -0.29 
      Education 0.44 0.34 0.22 
Symbol Search     
Step 1    
Constant 4.51 5.36  
      Age 0.10 0.07 0.21 
      Depression -0.73 0.33 -0.31* 
FSIQ    
Step 2    
Constant 75.10 20.64  
      Age 0.65 0.26 0.35* 
      Depression -1.29 1.30 -0.14 
      Occupation -9.60 4.43 -0.36* 
      Education -0.05 1.28 -0.01 
Step 3    
Constant 70.62 19.72  
      Age 0.66 0.25 0.35** 
      Depression -1.75 1.26 -0.19 
      Occupation -9.21 4.22 -0.35* 
      Education 0.21 1.22 0.03 
      HALA 7.12 3.05 0.31* 
   Note. *p ≤ .05, **p ≤ .01, ***p ≤ .001. 
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Table 8 
T-test Results Comparing HALA and Non-HALA Cognitive Activity Engagement on Cognitive Functioning 
   Grouping n M SD t df p Cohen’s d 
WAIS VCI  0 26 112.81 10.67 -0.67 46 .51 -0.19 
   1 22 115.18 13.83     
  Similarities 0 26 12.81 2.79 0.26 46 .80 0.08 
   1 22 12.59 3.00     
  Vocabulary 0 27 12.44 1.97 -0.91 47 .37 -0.26 
   1 22 13.00 2.33     
  Information 0 27 11.63 2.24 -1.08 47 .29 -0.31 
   1 22 12.41 2.81     
 PRI  0 26 109.15 12.11 -0.39 46 .70 -0.11 
   1 22 111.46 26.74     
  Block Design 0 26 11.65 2.70 -2.01 46 .05* -0.58 
   1 22 13.14 2.36     
  Matrix Reasoning 0 26 12.73 2.89 -1.25 44 .22 -0.37 
   1 20 13.70 2.20     
  Visual Puzzles 0 27 10.48 2.91 -2.78 47 .008** -0.80 
   1 22 12.96 3.30     
 WMI  0 27 103.26 14.01 -1.14 47 .26 -0.33 
   1 22 107.41 10.95     
  Digit Span 0 27 10.89 2.81 -0.85 47 .40 -0.25 
   1 22 11.50 2.04     
  Arithmetic 0 27 10.37 3.35 -0.95 47 .35 -0.27 
   1 22 11.23 2.84     
 PSI  0 26 107.27 13.79 -0.45 46 .66 -0.13 
   1 22 108.96 12.11     
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  Coding 0 26 11.62 2.30 0.24 46 .81 0.07 
   1 22 11.46 2.39     
  Symbol Search 0 27 11.22 3.23 -0.74 47 .46 -0.21 
   1 22 11.86 2.71     
 FSIQ  0 26 110.85 11.65 -1.75 46 .09 -0.51 
   1 22 116.64 11.09     
WMS AMI  0 26 110.46 11.25 -0.71 46 .48 -0.21 
   1 22 112.86 12.17     
  Logical Memory I 0 26 11.31 2.19 -0.21 46 .84 -0.06 
   1 22 11.46 2.70     
  Logical Memory II 0 26 9.96 2.34 -2.22 46 .03* -0.64 
   1 22 11.36 1.97     
  Verbal Paired Associates 1 0 26 12.35 2.65 -1.01 46 .32 -0.29 
   1 22 13.09 2.39     
  Verbal Paired Associates II 0 26 13.35 2.38 0.94 46 .35 0.27 
   1 22 12.64 2.84     
 VMI  0 26 106.08 8.75 -0.80 46 .43 -0.23 
   1 22 108.68 13.64     
  Visual Reproduction I 0 26 11.50 1.73 -0.14 36.38 .89a -0.03 
   1 22 11.59 2.50     
  Visual Reproduction II 0 26 10.73 2.33 -0.97 46 .34 -0.28 
   1 22 11.50 3.16     
 IMI  0 26 110.89 9.99 -0.66 46 .51 -0.19 
   1 22 112.91 11.31     
 DMI  0 26 108.50 12.15 -0.92 46 .36 -0.27 
   1 22 111.96 13.92     
Note. *p ≤ .05, **p ≤ .01.  
a: equal variances not assumed. 
The grouping variable has binary coding: 0 = participated in non-HALA cognitive activities; 1 = participated in HALA activities.  
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Table 9 
Hierarchical Regression Results for the WMS-IV Indices and Subtests  
Indices Subtests Model R2 Adj. R2 Std. Error 
of the 
Estimate 
R2 Change F 
change 
df1 df2 Sig. F 
Change 
AMI  1 .01 -.04 11.96 .01 .16 2 44 .85 
  2 .07 -.02 11.85 .06 1.42 2 42 .25 
  3 .08 -.04 11.95 .01 .30 1 41 .59 
 Logical Memory I 1 .05 .01 2.41 .05 1.26 2 44 .29 
  2 .18 .11 2.29 .13 3.31 2 42 .05* 
  3 .19 .09 2.32 .01 .23 1 41 .63 
 Logical Memory II 1 .02 -.03 2.31 .02 .44 2 44 .65 
  2 .14 .06 2.21 .12 3.02 2 42 .06 
  3 .21 .12 2.14 .07 3.57 1 41 .07 
 Verbal Paired Associates I 1 .004 -.04 2.61 .004 .09 2 44 .91 
  2 .008 -.09 2.67 .004 .08 2 42 .92 
  3 .03 -.09 2.68 .02 .75 1 41 .39 
 Verbal Paired Associates II 1 .03 -.01 2.62 .03 .73 2 44 .49 
  2 .04 -.06 2.68 .004 .10 2 42 .91 
  3 .07 -.05 2.67 .03 1.27 1 41 .27 
VMI  1 .004 -.04 11.50 .004 .08 2 44 .93 
  2 .11 .02 11.14 .10 2.46 2 42 .10 
  3 .12 .01 11.21 .01 .45 1 41 .50 
 Visual Reproduction I 1 .08 .04 2.08 .08 1.85 2 44 .17 
  2 .24 .16 1.93 .16 4.37 2 42 .02* 
  3 .24 .15 1.95 .007 .37 1 41 .55 
 Visual Reproduction II 1 .04 .001 2.75 .04 1.02 2 44 .37 
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  2 .11 .02 2.72 .06 1.42 2 42 .25 
  3 .11 -.001 2.75 .003 .14 1 41 .71 
IMI  1 .03 -.02 10.75 .03 .63 2 44 .54 
  2 .05 -.04 10.86 .03 .55 2 42 .58 
  3 .07 -.04 10.89 .02 .76 1 41 .39 
 Logical Memory I 1 .05 .01 2.41 .05 1.26 2 44 .29 
  2 .18 .11 2.29 .13 3.31 2 42 .05* 
  3 .19 .09 2.32 .01 .23 1 41 .63 
 Verbal Paired Associates I 1 .004 -.04 2.61 .004 .09 2 44 .91 
  2 .008 -.09 2.67 .004 .08 2 42 .92 
  3 .03 -.09 2.68 .02 .75 1 41 .39 
 Visual Reproduction I 1 .08 .04 2.08 .08 1.85 2 44 .17 
  2 .24 .16 1.93 .16 4.37 2 42 .02* 
  3 .24 .15 1.95 .007 .37 1 41 .55 
DMI  1 .04 -.002 13.11 .04 .95 2 44 .40 
  2 .09 -.001 13.10 .05 1.04 2 42 .36 
  3 .09 -.02 13.23 .004 .18 1 41 .67 
 Logical Memory II 1 .02 -.03 2.31 .02 .44 2 44 .65 
  2 .14 .06 2.21 .12 3.02 2 42 .06 
  3 .21 .12 2.14 .07 3.57 1 41 .07 
 Verbal Paired Associates II 1 .03 -.01 2.62 .03 .73 2 44 .49 
  2 .04 -.06 2.68 .004 .10 2 42 .91 
  3 .07 -.05 2.67 .03 1.27 1 41 .27 
 Visual Reproduction II 1 .04 .001 2.75 .04 1.02 2 44 .37 
  2 .11 .02 2.72 .06 1.42 2 42 .25 
  3 .11 -.001 2.75 .003 .14 1 41 .71 
Note. *p ≤ .05.  
Model 1: age and depression; Model 2: age, depression, occupational attainment, educational attainment; Model 3: age, depression, occupational attainment, 
educational attainment and HALA engagement. 
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Table 10 
Significant Hierarchical Regression Results for the WMS-IV Indices and Subtests  
Variable B SE B β 
Logical Memory I    
Step 2    
      Constant 0.92 4.45  
      Age 0.11 0.06 0.27 
      Depression -0.38 0.28 -0.20 
      Occupation 1.75 0.94 0.32 
      Education 0.03 0.28 0.02 
Visual Reproduction I    
Step 2    
      Constant 10.14 3.86  
      Age 0.10 0.05 0.26* 
      Depression -0.99 0.24 -0.51*** 
      Occupation -2.77 0.81 -0.49*** 
      Education -0.65 0.24 -0.41** 
Note. *p ≤ .05, **p ≤ .01, ***p ≤ .001. 
 
 
